The Orthodox Christian diet is unique in regularly interchanging from an omnivore to a vegetarian-type diet, and no study to date has focused on the impact of this on Fe status. Thirty-five Greek Orthodox Christian strict fasters (n 17 male, n 18 female; mean age 43·6^13·2 years) and twenty-four controls (n 11 male, n 13 female; mean age 39·8^7·6 years) were studied before (pre) and near completion (end) of the Christmas fasting (CF) period (40 d), during which meat and dairy products are prohibited. Fe status was assessed using standard haematological parameters, and Fe deficiency was determined via serum ferritin levels (,12 ng/ml) and the tri-index model. While fasters had marginally poorer pre haematological indicators, values were well above the cut-off levels, suggesting that intermittent fasting for a mean of 22·5^15·5 years did not have any substantial adverse effects on Fe status. During the CF period the changes in Fe status indices were more beneficial for fasters than for control subjects. In particular, fasters increased their ferritin levels (P¼ 0·02) and decreased their total Fe-binding capacity (P,0·001). Compared with males, the effect of CF was more pronounced in female fasters. No subjects were detected with Fe deficiency at the end of the CF period. End dietary Fe and fibre intake were significantly higher in the fasters as compared with the control group (P¼ 0·038 and P¼ 0·001, respectively). Adherence to the Orthodox Christian dietary guidelines does not have a major impact on Fe status and is not associated with a significantly greater degree of Fe deficiency.
Iron status: Deficiency: Fasting: Vegetarian diet: Orthodox Christians Currently, Fe deficiency and Fe-deficiency anaemia (IDA) are the most prevalent nutritional disorders in the world (Hercberg et al. 2001) . However, few epidemiological data concerning this matter are available in European countries, and no data are available for Greece (Hercberg et al. 2001) .
Vegetarian diets, compared with omnivore diets, have been associated with impaired Fe status in a number of studies (Leggett et al. 1990; Alexander et al. 1994; Donovan & Gibson, 1995; Shaw et al. 1995) , because of their inadequate intake of haem-Fe (Helman & Darnton-Hill, 1987) . The exclusion of meat not only removes the highly available Fe, but also decreases the ability to counterbalance powerful inhibitors. Furthermore, Shaw et al. (1995) highlighted the importance of meat as a source of Fe by showing that non-vegetarian women who consumed only 74 % as much Fe as vegetarians had a significantly better Fe status. Similarly, compared with omnivores, lacto-ovo-vegetarians and semivegetarians, whose diets do not contain any red meat, have been found to have significantly lower Fe stores and increased risk of poor Fe status (Donovan & Gibson, 1995) . Nevertheless, evidence as to the strength of the association of vegetarianism with impaired Fe status is still unclear, since several studies have found no evidence of such an association (Hunt, 2003) . However, the evidence is more consistent when studies focusing on vegetarian women of childbearing age and children are considered (Hercberg et al. 2001; Patterson et al. 2001) .
The diet of Greek Orthodox Christians is unique in interchanging from an omnivore to a vegetarian-type diet at regular intervals throughout the year. The Orthodox Church specifies dietary restrictions and fasting for a total of 180-200 d annually. One of the principal fasting periods in the Orthodox Christian Calendar is the one followed during Christmas, which lasts for 40 d. During Christmas the 'faithful' are advised to avoid the consumption of meat (red meat and chicken), dairy products and eggs, while fish and olive oil are allowed except on Wednesdays and Fridays. Seafood such as shrimps, squid, cuttlefish, octopus, lobsters, crabs, as well as snails are allowed on all fasting days throughout the year. Therefore, the 'faithful' follow a periodic vegetarian-type of diet during the Christmas fasting (CF) in terms of the foods consumed during that period.
The purpose of the present study was to determine the effect of regular fasting over the course of a number of years (22·5^15·5 years) and the effect of a single fasting period (i.e. CF) for 40 d on Fe status in a group of strict Greek Orthodox Christian fasters, where a periodic vegetarian-type diet is prescribed by the Orthodox Christian Church. No previous study has ever examined the Fe status of this population before.
Methods

Subjects and recruitment
A total of 120 Greek Orthodox Christians participated in a large longitudinal study carried out in Crete, Greece in 2001 (Sarri et al. 2003 (Sarri et al. , 2004 . Only fifty-nine of them had measurements for Fe status indices and, therefore, were included in the present study. All the subjects were healthy, not taking any medication or supplements, including Fe supplements. Thirty-five of the subjects (n 17 males, n 18 females; mean age 43·6^13·2 years; BMI 29·2^5·4 kg/m 2 ) were 'faithful' fasters, nuns, priests and lay persons, who had been vigorously adhering to the Orthodox Christian fasting practices and all the recommended fasting periods for a mean of 22·5^15·5 years (fasting group). Twenty-four subjects (n 11 males, n 13 females; mean age 39·8^7·6 years; BMI 26·7^4·9 kg/m 2 ) constituted the control group. The control group did not fast at any period of the year. The fasting group was not significantly different from the control group with regard to age, sex or BMI. However, compared with the fasting group, a greater number of controls were smokers (50 v. 5·7 %), while the majority of the fasting group did not smoke (94·3 %; P, 0·001). Subjects gave written informed consent to participate in the study, and a full description of the study procedures is given in Sarri et al. (2003 Sarri et al. ( , 2004 .
Study design
All subjects were examined and measured 1 week before the beginning (pre) and 1 week before the completion (end) of the CF period. All measurements were made between 8.00 hours and 10.00 hours and they included fasting blood collection (for biochemical analysis), anthropometric measurements (height, weight, waist:hip ratio, and blood pressure), the completion of a number of questionnaires regarding their fasting habits, their health status with regard to diabetes, CHD, hormonal disturbances and drug intake, and their health habits such as smoking and alcohol consumption, and the administration of a 24 h dietary recall by a trained dietitian. Participants were also asked to complete one 3 d weighed food record before each sample collection point. Details on the methods used for the anthropometric measurements, the dietary data collection and the food database used are available in previous publications (Sarri et al. 2003 (Sarri et al. , 2004 .
Haematological measurements
Seven main haematological indicators (serum ferritin, serum Fe, tranferrin saturation, mean corpuscular Hb concentration (MCHC), total Fe-binding capacity (TIBC), Hb and packed cell volume) were analysed in order to describe the Fe status of the subjects both before the beginning (pre) and before the completion (end) of the fasting period.
Fasting blood samples were obtained from subjects at both sample collection time points (pre and end). Samples of whole blood were sent immediately for the analysis of Hb, packed cell volume and MCHC at the Department of Biochemistry at the Peripheral Hospital of Crete. The remaining sample was kept at room temperature for 30 to 45 min to allow it to clot, and then was centrifuged at 3000 rpm for 10 min to separate the serum. Serum was separated into samples in cryotubes and stored frozen at 2808C until analysed.
Serum ferritin was measured using an IMMULITE 2000 analyser (DPC, Los Angeles, CA, USA). Serum transferrin was measured by a commercially modified polyethylene glycol enhanced turbidimetric method. The percentage saturation of serum transferrin was calculated using a standard formula: serum Fe (mmol/l)/TIBC (mmol/l) (Tsung et al. 1975) . TIBC was calculated from transferrin concentration (g/l) £ 22·5 (Waldmann et al. 2004) . Serum Fe was measured by a spectrophotometric method following reaction of ferrous Fe with ferrozine (Seidel, 1984) . The other indicators of Fe status (Hb concentration, packed cell volume and MCHC) were analysed by standard biochemical methods.
Fe deficiency was determined by low levels of serum ferritin (, 12 ng/ml), or by the use of the tri-index model, recommended by Bindra & Gibson (1986) . This model is based on three independent tests of biochemical Fe status, representing the three different stages of Fe deficiency (serum ferritin , 12 ng/ml for depletion of Fe storage, serum transferrin saturation , 16 % as an indicator of reduced Fe transport, and MCHC ,320 g/l which indicates the final stage of Fe deficiency; Bindra & Gibson, 1986) . IDA was determined by low Hb concentration (males ,140 g/l, females , 120 g/l) combined with two or three abnormal values for indices in the tri-index model.
Statistical analysis
A statistical analysis program (SPSS 11.5 for Windows; SPSS Inc., Chicago, IL, USA) was used to analyse the data. Distribution of data was checked using the Kolmogorov -Smirnov test. When data were normally distributed, the independent samples t test was used to detect differences between the groups. If data were not normally distributed, the appropriate non-parametric test was employed. Dealing with nominal data, the x 2 test was carried out to evaluate statistical significances. The dietary data were analysed with the use of analysis of covariance. The values representing the measurements done before the beginning of the fasting period and before the completion of the fasting period are stated as 'pre' and 'end', respectively. The dietary data analysis refers only to the 24 h dietary recalls due to the great number of unreturned 3 d weighed food records. However, previous findings of the original study have found good agreement between the two dietary assessment methods (Sarri et al. 2004) .
Results
Haematological status
The mean haematological status indices for the fasting and control groups before and at the end of the CF period are shown in Table 1 . Compared with the control group, the fasting group had lower pre serum ferritin (P¼0·015) and higher pre MCHC (P¼0·002), while pre and end TIBC were also higher (P¼0·011) and lower (P¼ 0·048) in fasters, respectively. There were no significant differences in packed cell volume, Hb, and transferrin saturation between the two groups at either time point.
When the changes (from pre to end time point) within the fasting group were compared with the changes within the control group (Table 1) it was found that the controls' packed cell volume levels were reduced more than the fasters (P¼0·01). However, even so, mean packed cell volume values of controls were still higher than the fasters', and in both groups the packed cell volume levels were within the normal ranges (. 36 % females; . 41 % males). Serum ferritin levels were increased in both groups during the fasting period, but the increase was significantly greater in the fasters compared with the controls (P¼0·02). There were no significant differences between the changes from pre to end values for transferrin saturation, Hb or serum Fe concentrations between the two groups (Table 1) . TIBC decreased from pre to end fasting in fasters by 28·6 mmol/l, and was increased in controls by 1·1 mmol/l (P, 0·001) (note that a decrease in TIBC is a beneficial change as regards Fe status). MCHC levels remained almost unchanged in the control group while in the fasting group MCHC levels were reduced and there was a significant difference between the changes that occurred between the two groups (P, 0·001; Table 1 ).
The data were also analysed for females (Table 2 ) and males (data not shown) separately. Pre TIBC and pre MCHC were higher in male fasters as compared with males in the control group (P, 0·001 and P¼ 0·023, respectively). In addition, male fasters significantly decreased their levels of TIBC (P,0·001) and MCHC (P,0·001) from pre to end time point, while the control group increased their levels (data not shown). Although there were no other significant differences between male fasters and controls, the changes in their Fe status indices were similar to those in females. In particular, male and female fasters' Hb, MCHC, TIBC and serum Fe were reduced during the fasting period, while serum ferritin was increased. As for the control group, both males and females decreased their Hb, packed cell volume, TIBC and increased ferritin, transferrin saturation, MCHC and serum Fe. Compared with males, there were more statistically significant differences between female control and fasting groups (Table 2) . Females in the fasting group had lower pre packed cell volume levels (P¼0·029), lower pre Hb levels (P¼ 0·023), lower pre ferritin levels (P¼ 0·033) and higher end MCHC concentrations (P¼ 0·017). Females in the fasting group decreased their TIBC (a beneficial change) and MCHC significantly more than the females in the control group (P, 0·001 and P¼ 0·005, respectively). Furthermore, compared with the females in the control group, females in the fasting group had overall lower levels of transferrin saturation, although this was not statistically significant, and they increased their serum ferritin levels significantly more (P¼0·015), although their levels were generally lower than in the control group.
Overall, there were no statistically significant differences in the percentages of subjects in the fasting or control groups that were outside cut-off points for Hb, serum ferritin, MCHC, TIBC and serum Fe before (pre) and at the end (end) of the fasting period (data not shown). However, fewer fasters were below the cutoff point for transferrin saturation after the fasting period (8·6 %) as compared with transferrin saturation before the beginning of the fasting period (23·5 %; P¼ 0·003), while no such difference was observed for the controls. Although one faster and one control subject were Fe deficient according to the triindex model at the pre fasting time point, no subjects were found to be Fe deficient at end fasting either with the use of the tri-index model or with low ferritin levels , 120 ng/l (data not shown). Additionally, no subjects had IDA (data not shown). Table 3 presents the mean intakes of selected macronutrients and micronutrients before and at the end of the fasting period. At baseline, total energy intake did not differ significantly between fasters and controls. However, at the end of the fasting period, fasters decreased their energy intake, while controls increased it and these levels differed significantly (P¼0·002). Dietary Fe intake of the fasting group increased during the fasting period and was significantly higher at the end of the fasting period when compared with the control group (P¼ 0·038). Similarly, dietary fibre and vitamin C intake of the fasting group was higher at all time points compared with the control group, though only end dietary fibre reached statistical significance (P¼0·001). In contrast, pre and end protein intakes were lower in the fasting group than in the control group, but no statistical significance was found.
Dietary data
From 24 h recall questions on the consumption of food groups (data not shown), fasters reported consuming no milk, eggs, cheese or meat at the end of the CF period. Compared with the control group, the fasting group consumed more pulses at all time points, and more cereals and vegetables at pre fasting, although only the latter reached statistical significance (P¼0·015). There were no other significant differences between the control and fasting group of any other food group except for the consumption of end nuts (P¼0·010), which was higher in controls. In addition, compared with the control group where all subjects consumed foods of animal origin (meat, meat products, sausage, fish, seafood, cheese, milk, milk products) during the fasting period, only 30 % of the fasting group consumed fish and seafood during the fasting period, while no other foods of animal origin were consumed by the fasting group at that period (data not shown).
Discussion
One of the main findings of the present study was that the religious fasting regimes of the Orthodox Christian Church which specify dietary restrictions involving a periodic vegetarian-type diet for a total of 180-200 d each year did not adversely influence the Fe status of a group of strict adherents who had been following these fasting regimes for 22 years. Furthermore, while the fasters in the present study were found to have a marginally poorer Fe status when compared with a group of matched omnivores (control group) before the start of the CF period, all the Fe status indices measured were well above the cut-off points for poor Fe status. Several other studies have found few or no differences in Fe status when comparing omnivores with vegetarians (Harman & Parnell, 1998; Haddad et al. 1999; Hunt, 2003) . It is generally accepted that although several studies in Western countries have shown lower levels of Fe stores in vegetarians, there does not appear to be a greater incidence of IDA in vegetarians (Hunt, 2003) . Furthermore, it has been reported (Committee on Diet and Health, National Research Council, 1989 ) that in Western countries, IDA appears to be no more prevalent among vegetarian women than among nonvegetarian women.
As in the present study, where the fasting group had significantly lower MCHC levels after following a vegetarian-type diet as compared with the control group, Pongstaporn & Bunyaratavej (1999) found that vegetarians had lower MCHC levels and this was inversely correlated with the years of adherence to vegetarianism. The inverse association between the duration of vegetarianism has been reported previously (Anderson et al. 1981; Pongstaporn & Bunyaratavej, 1999) with several Fe status indices, such as packed cell volume, Hb and serum ferritin, even when levels are well within the normal range. Additionally, the reduced levels of MCHC observed in the present study could also be explained by the relatively lower levels of Hb, as MCHC is a measure of Hb in a given volume of erythrocytes.
Interestingly, the changes in Fe status indices that occurred over the CF period in males and females as a whole (Table 1) and in females separately (Table 2 ), appeared to be more positive in the fasting group. However, overall concentrations of these Fe status indices were better in the control group than in the fasting group. As regards the effect of the CF period on Fe status, it is difficult to compare the present results with other studies due to the fact that no other studies have been carried out in similar populations. However, there are two cross-over-design studies that investigated the effect of interchanging from vegetarian to omnivore diets for 8 (Hunt & Roughead, 1999) and 12 weeks (Wells et al. 2003) on Fe status, which are the closest that we could find to the present study's characteristics and duration (6-7 weeks). In agreement with the present results, neither of these studies reported any significant effect of the changing to a vegetarian diet on Fe status. However, Hunt et al. (1995) reported that 7 weeks was enough time to have an impact on Fe status, although the beneficial effect found was not what the authors had expected.
The fasters in the present study had significantly higher Fe intake at the end of the fasting period and as they did not consume any meat or dairy products and did not take any Fe supplements during the CF period all the Fe consumed by them must have been in the non-haem form. Although non-haem-Fe is less bioavailable, it has been suggested (Cook et al. 1974; Hunt & Roughead, 2000) that subjects with lower Fe stores tend to absorb much more non-haem-Fe than those with normal or high Fe stores. This could possibly enhance their Fe status, increase their ferritin levels and protect them from any deficiencies over time and explain why we did not see any adverse effect on Fe status.
No differences were found in the percentages of subjects in the fasting and control groups that were below the cut-off points for poor Fe status, either before or after the CF period, in agreement with the studies by Shaw et al. (1995) and Donovan & Gibson (1995) . No subjects with IDA were found in the present study, which could be attributed to the similar dietary intakes of fasters and controls and to the fasters' infrequent interchange from an omnivorous to a periodic vegetarian-type diet or to the small sample size. Thus while 40 d of fasting over the Christmas period may not have been long enough to influence Fe status indices to such an extent, 22·5^15·5 years of regular fasting for religious reasons did not appear to result in a greater proportion of the fasters having Fe status indices outside of the recommended cut-offs either. Contrary to other studies (Bindra & Gibson, 1986; Waldmann et al. 2004) , there was no difference in the prevalence of Fe deficiency when applying the serum ferritin cut-off values or the tri-index model in the present study.
There are several limitations associated with the present study. A power calculation was not used in determining sample sizes because the study of Fe status and anaemia was not part of the original study's objectives. Due to the large proportion of unreturned 3 d weighed food records, the assessment of nutrient intake was limited to the use of the 24 h dietary recall, which generally give an estimate of the average nutrient intake. There also might be some selection bias since all the subjects were volunteers. Furthermore, only one sample per subject was analysed for serum ferritin, while three or more blood samples are ideally required to determine serum ferritin accurately because of day-today variation (Cooper & Zlotkin, 1996) . However, several studies have been published using single samples (Shaw et al. 1995; Wells et al. 2003) . Finally, no information on females' menstruation status or use of hormonal contraceptives was collected (Hunt & Roughead, 1999) .
In summary, the present findings suggest that the fasting regimes of the Orthodox Christian Church, which specify a periodic vegetarian-type diet at regular intervals for between 180 and 200 d each year, do not adversely influence the Fe status or increase the risk of IDA. It has been previously reported that adherents to the Orthodox Church's dietary guidelines have lower total cholesterol, LDL-cholesterol, LDL:HDL-cholesterol ratio and BMI (Sarri et al. 2003) and consume diets that are lower in total fat, saturated fatty acids and dietary cholesterol and higher in fibre, folate and Fe compared with control subjects (Sarri et al. 2004) . Thus, our present results, in conjunction with previous findings in the same population (Sarri et al. 2003 (Sarri et al. , 2004 and the significantly lower prevalence of CVD found in Greece compared with other countries in the Seven Countries Study in the 1960s (Menotti et al. 1999 (Menotti et al. , 2001 , would suggest that promoting the dietary guidelines of the Orthodox Christian Church could have potential long-term health benefits. Furthermore, promotion of the Orthodox Christian Church's dietary guidelines could be an effective health promotion strategy in this population as it would be easier for individuals to follow it, not only because Greece is a highly religious and traditional country, but also because individuals would be familiar with this type of recommendation and they would be able to meet both their spiritual and physical needs.
